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Treatment with SDS and 2-mercaptoethanol for 40min resulted in the solubilization of 66% of the total GBM protein.
The amount of material solubilized gradually increased over the time period studied, until approx. 80% had been solubilized at 16 h. The amount of glycine, 4-hydroxyproline and hydroxylysine, three amino acids representative of collagen, increased with time in the soluble fractions, whereas the more polar amino acids decreased. The neutral sugar, glucose, which is present in the disaccharide unit associated with the collagenous component, showed only a small increase in the soluble material over the 16h period. This sugar was principally associated with the insoluble residue. In contrast, there was an early increase in the glucosamine content (Fig. l) , but a more delayed increase in galactosamine and mannose. After 16h these sugars, which are components of the heteropolysaccharide unit, were principally associated with the solubilized material.
These data indicate that more-polar material is solubilized rapidly within 40 min, but with increasing time the solubilized material became more collagenous. The difference observed in the rates of solubilization of the sugars, glucosamine, galactosamine and mannose, suggest that the carbohydrate units present in this membrane may be more complex then previously thought, and there may be more than one heteropolysaccharide unit. The microvillus membrane is essential for the digestion and absorption of nutrients in the small intestine (Crane, 1976) , but little is known of how the composition of the membrane is affected in abnormal conditions, how changes in the membrane composition may influence its function, or how the composition of the membrane is regulated. Because of the high resolution and sensitivity necessary, we have developed a procedure employing two-dimensional electrophoresis (O'Farrell, 1975 ; Anderson & Anderson, 1977) and radioactive labelling to investigate whether changes in the protein composition of the human microvillus membrane may be relevant to the aetiology or pathogenesis of intestinal disease.
Microvillus membranes were isolated by a Ca2+-precipitation method (Freiburghaus et al., 1978) from jejunal biopsies obtained from patients undergoing routine diagnostic investigation. Membrane proteins from approx. 50pg of membrane were solubilized by boiling in 1OOpl of 2% (w/v) sodium dodecyl sulphate/l ~M -E D T A /~O~M -N~H , P O , , pH 7.0, and centrifuged at llOOOOg for 60min. Approx. 15pg of membrane protein was labelled with "C by reductive methylation (Dottavio-Martin & Ravel, 1978) and the mixture was adjusted to 3.9% (w/v) 2-mercaptoethanol, 9.7 M-urea, 1.6% (v/v) Nonidet P-40 and 1.06% Ampholine 3.5-9.5 (LKB-Produkter, Bromma, Sweden), pH 4.3. Isoelectric focusing was performed for 6600V-h as described by Kuhn & Wilt (1980) , but with Ampholine 3.5-9.5 as the ampholyte, 50 mM-iminodiacetic acid as anolyte, and 50 m~-ethylenediamine as catholyte. The focused gel was equilibrated in 6 . 4~-u r e a / l % (w/v) sodium dodecyl sulphate/l% (v/v) 2-mercaptoethanol/62.5 mM-Tris/ HCI, pH6.8, and subjected to sodium dodecyl sulphate/ polyacrylamide-gel electrophoresis on a 0.75 mm-thick 10.5%-acrylamide gel slab as described by Goldsmith et al. (1979) . The slab was then fixed overnight in 30% (v/v) methanol/lO% (v/v) acetic acid/lO% (w/v) trichloroacetic acid, impregnated with scintillator (En'Hance; New England Nuclear, Boston, MA, U.S.A.) and dried on to 3MM chromatography paper (Whatman, Maidstone, Kent, U.K.) for fluorography at -7OOC (Bonner & Laskey, 1974) .
Satisfactory gel patterns were obtained from 10-3Opg of membrane protein after fluorography for 7-21 days. At least 150 individual polypeptide spots were visible on fluorograms of normal human microvillus membranes (Fig. I) , the exact number depending on the duration of fluorography. Some of the spots formed 'charge trains', series of spots of fixed molecular weight but varying PI. This is consistent with the known charge heterogeneity of microvillus glycoproteins (Saini & Done, 1972;  VOl. 11 BIOCHEMICAL SOCIETY TRANSACTIONS Grant & Hermon-Taylor, 1976) and is unlikely to be an artefact, since it was confined to a proportion of polypeptides of mol.wt. > 5OOOO.
Several spots were consistently present in fluorograms from different patients. One, comprising an intense major spot and two satellites of identical molecular weight, has been tentatively identified as actin on the basis of its mol.wt. of 42000 and apparent PI 5.0; rabbit muscle actin (Flow Laboratories, Irvine, Ayrshire, Scotland, U.K.) had a similar spot pattern and identical molecular weight. A spot corresponding to calmodulin was sought, but control experiments showed that calmodulin did not enter the first-dimension gel. However, a membrane protein corresponding to calmodulin was detectable after isoelectric focusing as described by O'Farrell (1975) . The microvillus enzyme alkaline phosphatase has been identified by affinity labelling with ["PIP, (Carlson et al., 1976) . Labelling was confined to a single region of the gel containing two or three polypeptides of mol.wt. 84000 and apparent pI5.3, as expected for human intestinal alkaline phosphatase (Hirano et al., 1977; Stinson & Seargeant, 1981) .
Preliminary analysis of fluorograms from patients with untreated coeliac disease has indicated the relative absence of several high-molecular-weight polypeptides, and suggests that the technique described will be useful in investigating the protein composition of the microvillus membrane in health and disease. The relationship between substrate metabolism and acid secretion has been investigated previously in several preparations of mammalian stomach in vitro. Davenport & Chavrk (1950) showed that glucose supported acid secretion by the mouse stomach to a greater extent that did pyruvate or lactate. More recently Forte et al. (1980) found that piglet gastric mucosa secreted more acid when glucose was present than when the short-chain fatty acid butyrate was the only available substrate, whereas it appears that in rabbit gastric glands glucose is unable to support the secretory response to histamine to the same extent as can butyrate (Hersey, 198 1). Since rabbits are herbivores and the piglets are newborns, discrepancies between the two preparations are perhaps not unlikely, and furthermore the relevance of the results to adult man may perhaps be questioned. We have therefore investigated the metabolism of potential lipid and carbohydrate substrates by the stomach of the adult rat, which, like man, is omnivorous, and present what are apparently the first measurements of uptake of such substrates by any species in vivo. An advantage of making measurements in vivo is that substrates and metabolites are presented to the tissue together, and usually at physiological concentrations.
Rats (I 75-225 g body wt.) were starved overnight and were anaesthetized by intraperitoneal injection of sodium pentobarbitone (6Omg/kg body wt.). When required, acid secretion was induced by subcutaneous injection of pentagastrin (Peptavlon; 250mg/kg body wt.) 20min before measurements were made. Substrate uptake was assessed by measuring the difference in concentration between blood samples removed simultaneously from the aorta and from the vein draining the dorsal fundic region of the stomach (Anderson & Hanson, 1983) . Concentrations of glucose, lactate, pyruvate, ketone bodies and glycerol were assayed in neutralized HC10, extracts of whole blood by enzymic assays (Bergmeyer, 1974) . Concentrations of long-chain fatty acids were determined in plasma as described by Falholt et al. (1973) .
Arteriovenous differences for any of the substrates mentioned above were not significantly affected by the stimulation of acid secretion with pentagastrin. An output of lactate by the stomach wall was found when the arterial lactate concentration was low, but in both control and pentagastrin-stimulated rats the venous-arterial difference for lactate decreased linearly with increasing concentration of lactate in arterial blood, reaching zero at about 1 . 3 m~ arterial lactate, and thereafter became negative, demonstrating that lactate could be used by the stomach wall when concentrations in the arterial blood were elevated. The mean arteriovenous concentration difference for lactate was calculated for experiments where the arterial lactate concentration was within the range found under resting conditions in conscious rats (below 1 mM; Hawkins et al., 197 l), and the result showed that under these circumstances there was a substantial conversion of glucose into lactate by the stomach wall (53% and 67% of glucose utilized under control and pentagastrin-stimulated conditions respectively). There was no significant arteriovenous difference for pyruvate, which was only measured under control conditions.
The mean uptake of D-3-hydroxybutyrate by the stomach was significant and similar in both control and pentagastrin-stimulated rats, the arteriovenous differences being only slightly lower than those for glucose, although the concentration of D 3-hydroxybutyrate in arterial blood was about one-twelfth of that of glucose. Only in pentagastrin-stimulated rats was a significant (P < 0.01) linear increase in D-3-hydroxybutyrate uptake with increasing arterial-blood D-3-hydroxybutyrate concentration apparent. There was no significant uptake or release of acetoacetate, glycerol or long-chain fatty acids by the stomach wall in either control or pentagastrin-injected animals.
There are two problems in interpreting the above results. Firstly the rate of blood flow through the fundic region of the stomach is unknown. Pentagastrin stimulation of acid secretion in the rat appears to increase blood flow to the mucosa substantially, as evidenced by the increased clearance of [14C]aniline (Main & Whittle, 1973) , and if this occurred in the above experiments then blood flow and substrate utilization would appear to have increased to similar extents with stimulation of acid secretion. for arteriovenous differences were
